This research redesigned and manufactured the archery recurve bow riser using Fused Deposition Modeling (FDM) system to improve its design, weight and strength. Available design of bow riser was surveyed to get inspiration for new design. Final design of the bow riser design was developed with a CAD software. Prototype of the final design of the bow riser was produced by FDM system with ABS material. Coating the prototype with carbon fibre was made. Vacuum bagging process and mechanical compression process was applied to bond the multiple layers of carbon fibre composite material. The multiple layers were tested using Universal Testing Machine to test the flexural property of the redesigned carbon fibre composite coated bow riser prototype. It is found that the multiple layer of composite can withstand up to 0.1 KN of load. Thus, the study shows that reinforcing the redesigned bow riser prototype using carbon fibre composite is suitable for it is light, easy to shape and strong properties.
Introduction
Archery is one of the most popular activities that has been known since Paleolithic, and has been popular ever since. Revolution of bow and arrow has been developed from centuries. Despite the type of archery, the bow use in the sport branched into two types, which are; recurve bow and compound bow [1] . Recurve bow has several parts that can be dissembled and assembled to become a complete bow. This makes it portable and easy to carry around during tournament or etc. The parts consist of raiser, upper limb, lower limb and string. On the other hand, compound bow is much smaller than recurve bow. The most obvious difference from recurve bow is that, it has a cam system to operate the draw of string while shooting the arrow [1] . There are many design of the bow, mostly in the riser part that could affect the strength of the bow itself. Material also played an important role on the strength of the bow. Some of the common used material is carbon graphite, forged aluminium or royal cross carbon [1] .
Nowadays, there are many type of riser design for archery bow. Each of these risers has their own weight specifically, according to the type of design and material. This makes the archer has difficulty to handle the bow weight for a long time. In this project, a riser with low weight but has good performance will be manufactured. The aim of this project is to design and manufacture a low-weight riser yet has good performance and strength. The objectives is to redesign a recurve bow and manufacture the riser prototype using FDM machine and to reinforced composite material to the prototype and to test and analyze the prototype. It also does not cover the other part of the bow such as the string and limb.
Riser Design
In order to design a bow riser, the first thing to look up is the aesthetic value to be parallel with the performance of the riser. The dimension plays an important role upon designing the bow riser. Because the size of the user differs from one and another, thus the dimension is varied accordingly.
Bow's Weight
Anybody who ever shoot an arrow before, definitely would know how heavy the bow is. The weight of the limb, riser, stabilizer, sight stabilizer and other accessories makes the bow heavy. Thus an archer definitely needs accessories to enhance their bow performance, in terms of stability, reduce vibration and etc. [1] . The efficiency of a bow will increase when the weight of the moving parts of the bow is lighter [2] .
Material Used
Choosing material to fabricate riser is important because different material has different mechanical properties such as strength, weight and stiffness. The material used usually is fibre glass or epoxy matrix in order to produce strength and stiffness with light weight [2] . Glass fibre reinforced plastic (GFRP) composites are widely used in sports equipment due to their multi potential properties, such as high strength to weight ratio, high specific stiffness, high damping, high fracture toughness, good dimensional stability and excellent corrosion resistance [3] .
Methodology
Designing a bow riser is straight forward, where the only information needed is what material to be used, what process involved, the design or shape of the riser and previous design of riser as references. For this study, there were five methods applied namely; the information gathering, designing stage, fabricating, reinforcing, testing and analysis. Previous design of bow riser is very important upon gathering information to design a new riser. The designing stage starts with sketching several design of riser. Then the concept is narrowed down accordingly to generate and modify the previous sketches. The sketches are then improved in time. The best sketches are selected for screening and from this will then be scored based on the concept idea. The concept idea is selected based on the important of the concept to the riser design. The concept idea is narrowed down to look at the grip, body shape riser structure and ease of manufacture. First is the grip; grip plays an important role upon shooting an arrow. The grip does not have a standard size. It depends on the size of the archer's hand. So it is important to have a changeable grip with various sizes. Next is body shape of the riser. The shape of the riser has many design. Some have many curves and some have less. Fig. 1 shows the different between riser that have minimum curve and one that have many. Some risers have a solid structure and some have a semi solid structure (Fig.2) . Semisolid structure has low weight to compare with solid structure. Next is to produce the prototype using FDM machine. There were two sets of prototype manufactured with using ABS material. The two are same in dimensions and every attribute. In this part, one of the two sets will be reinforced using carbon fibre composite material. The other one will be left as it is. In reinforcing, there are many techniques can be used. In this project, composite lay-up process was used. Basically the carbon fibre composite material was sprayed all over the bow riser prototype. Fig. 3 shows the prototype made. The prototype has a dimension of 188 x 25 x 6 mm. It has to be rescaled to aid the study.
Fig.3: Prototype of the bow riser made with FDM ABS material

Testing Method
The equipment to test the redesigned bow riser prototype that was reinforced with carbon fibre composite is the Universal Testing Machine (UTM). The composite reinforced prototype model undergoes flexural test. The reason why flexural test is chosen because to know the stress and strain properties of the composite carbon fibre layer when load is applied onto it, which in this case the bow riser model. By knowing this, the limit to the material strength upon the load applied can be known. When doing a flexural test with the UTM the separation for the lower support has to be calculated in order to make the test accurate. The calculation for the lower support. (1)
Distance of lower support separation =
The model is place according to the separation calculated previously. The machine will detect the shape of the solid place onto it to generate result. The load is then applied onto the model. The result is generated by the machine up to where it breaks.
Firstly, the composite which in the form of sheet was cut into a size of width 25mm x 188mm. There were 15 sheet of carbon fibre prepares. Each 5 set have 1, 3 and 5 layers number of carbon fibre layer respectively. The vacuum bagging process was done to make multiple layer of carbon fibre as one part. Firstly, the transparent plastic sheet was made a base as in Fig. 4 . Silicon was sprayed onto the plastic sheet surface. Rubber was place in a frame shape in order to stick the plastic sheet.
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Fig.4: Sheets of carbon fibre
The rubber acts as a barrier between the plastic. Next the sheet of carbon fibre was placed on the plastic sheet. A white cloth was placed on top of the carbon fibre. Then a sponge is place onto the white cloth. A blue net like sheet was placed on the base plastic sheet. The last layer of another plastic sheet was placed on top to cover the whole layer to produce a bag. The process starts on sucking the air inside the bag by connecting the hose onto the vacuum. The process left for 24hours. The vacuum bagging process should bond all the carbon fibre. Unfortunately, the process was not successful. Thus, mechanical compression was used to bond the carbon fibre. The procedure for mechanical compression consists of 3 steps. Firstly, the temperature was set to 170 0 Celsius. Then the pressure was set to 6 bars. Lastly, the cooling process was done and it took one hour. Table 1 shows the result for the 3 sets of carbon fibre lay-up. It is found that the more number of layer stack together the stronger the composite will be. The force for 5 layer carbon fibre is 100N which is a very high value of force for a small piece of 188 x 25 mm in size with a thickness of 1.29 mm. This is a small piece, mining the actual size of riser. The force that can be withstood by the riser will be greater. This is absolutely the best choice of material for a riser. In addition, carbon fibre is light weight material that has weight reduction potential, however it can't withstand heavy impact. The sample of 5 layers has a weight of approximately less than 100g. By looking at the number maximum stress and strain it shows high rigidity. 
Result and Discussion
Conclusion
The objective of this research is to redesign and manufacture a bow riser prototype using FDM machine and to reinforce carbon fibre composite material to the prototype and to testing its flexural property. Many available design of riser was surveyed to get inspiration for new design. Reinforcing the bow riser prototype with carbon fibre composite material was done. The results of the study shows that carbon fibre composite material enhances the strength of the bow riser prototype besides it light weight properties.
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